Inorganic nitridooxophosphates have been of interest because of their novel structural aspects and physical properties different from oxophosphates. In typical oxophosphates, pentavalent phosphorous atom is coordinated to four oxygen atoms to form a PO 4 tetrahedron. The oxygen atoms can be connected to either one phosphorous tetrahedron center, as terminal atoms, or to two phosphorous tetrahedron centers, as simple bridging atoms. By contrast, the nitrogen atoms in nitridooxophosphates have been found as three kinds of forms: (i) terminal atoms, (ii) simple bridging atoms connected to two tetrahedra, and (iii) triply-bridging atoms connected to three tetrahedra. The presence of triplybridging nitrogen can provide with a more tightly linked P(O,N) 4 network, resulting in the improvements of hardness, refractive index and chemical durability.
1,2 For this reason, the nitridation of oxophosphates has been proved as an effective way for exploring new materials applicable to various fields such as optical materials, catalysts and solid electrolytes, etc.
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More than two decades ago, W. Feldmann reported the synthesis of several isotypic compounds with the chemical formulae of A 3 B(PO 3 ) 3 N (A + = Na, K; B 3+ = Al, Ga, Cr, Mn, Fe) and A 2 B 2 (PO 3 ) 3 N (A + = Na; B 2+ = Mg, Mn, Fe, Co) by versatile nitridation reactions. [6] [7] [8] The crystal structure of Na 3 AlP 3 O 9 N has been determined by X-ray diffraction on a single-crystal. 9 For other compounds, however, no information except their cell parameters has been known. In this work, we report the crystal structure of Na 2 Mg 2 (PO 3 ) 3 N from Rietveld refinement based on powder X-ray diffraction data and bond valence sum calculation. We also discuss the ionic conductivity of Na 2 Mg 2 (PO 3 ) 3 N. There are no reports so far, to our knowledge, on measurements of ionic conductivity for the sodium-containing nitridooxophosphates. Na 2 Mg 2 (PO 3 ) 3 N was synthesized by the thermal nitridation of stoichiometric mixture of NaPO 3 , MgO and NH 4 H 2 PO 4 in flowing ammonia gas at 800 o C. The powder X-ray diffraction patterns for Na 2 Mg 2 (PO 3 ) 3 N showed the cubic symmetry with lattice parameter a = 9.24119(10) Å, which is accordance with the previously reported value. 6 No additional peaks due to impurity phase were observed at the resolution limit of the instrument. Systematic absences, h = 2n+1 for h00 observed in the intensity data, suggested the space group of P2 1 3. As an initial model for Rietveld refinement, we adopted the structural parameters of a single crystal Na 3 Al(PO 3 )N.
9 Refinement of atomic positions and isotropic displacement parameters were carried out using the Fullprof program package with pseudo-Voigt peak shapes.
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The background was fitted using a linear interpolation function with manually selected points. The isotropic thermal parameters for O1, O2 and O3 were constrained to be equal. The structure parameters (unit cell parameters, Table 1 . Unit cell parameters and atomic coordinates for Na2Mg2(PO3)3N refined from X-ray powder diffraction (λ = 1. 
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refined atomic positions and isotropic temperature factors) and residual indices are summarized in Table 1 . The observed, calculated and difference patterns from the Rietveld refinements plots for XPD are shown in Figure 1 . Selected interatomic distances and bond angles from the refined crystal structure are given in Table 2 .
In the present structural model, phosphorous and oxygen atoms lie on general positions (12b) and the other atoms lie on the special positions with three fold axis (4a). Sodium, magnesium and nitrogen atoms are arranged along [111] direction in the sequence of Mg1-Mg2-N-Na1-Na2-Mg1-…. Sodium and magnesium atoms with similar X-ray scattering factors have the same site symmetry in this structure. Moreover, oxygen and nitrogen atoms also have similar X-ray scattering factors. Hence, the Na/Mg/N distribution in Na 2 Mg 2 (PO 3 )N lattice was examined with Bond Valence Sum (BVS) calculations. 11 The BVS rule states that the formal charge (V) of a cation (anion) must be equal to the sum of the bond valences (s) around this cation (anion). The deviation between formal charge and bond valence sum can be quantified by means of a global instability index (GII) and used as a measure of the instability or the inadequacy of the structure. 12 The smallest GII value (6.3%) was obtained from the present model (Table 3) . For other arrangement, for instance, such as Mg1-Na1-N-Mg2-Na2-Mg1-, the GII value significantly increased up to about 19%.
In the structure of Na 2 Mg 2 (PO 3 ) 3 N, phosphorous atom is coordinated to three oxygen atoms and one nitrogen atom to form a PO 3 N tetrahedron. The (PO 3 ) 3 N entity is formed by three PO 3 N tetrahedra sharing the corner occupied by the nitrogen atom (Figure 2(a) ). The P-O bond lengths (1.53-1.55 Å) in Na 2 Mg 2 (PO 3 ) 3 N are close to those found in the compositional analogues such as Na 3 Al(PO 3 ) 3 N (1.50-1.52 Å) 9 and Na 4 Mg 3 (PO 4 )(P 2 O 7 ) 3 (1.54 Å). 13 The P-N bond length GII* 6.33% (1.77 Å) is similar to those observed for the tricoordinated nitrogen atoms in nitrido-compounds such as K 3 P 6 N 11 (1.71 Å).
Number of Atoms in unit cell ---------------------------------------------------------------------
14 The magnesium atoms occupy two nonequivalent sites. Each magnesium atom is connected to six oxygen atoms located at the vertexes of PO 3 N tetrahedra, forming a distorted octahedron. The MgO 6 octahedron is connected to other MgO 6 octahedron with face-shareing. Hence, the structure of Na 2 Mg 2 (PO 3 ) 3 N can be considered as a three dimensional network consisting of (PO 3 ) 3 N entities bridged by magnesium atoms. It is worthy to note that large tunnels are extended along the three main crystallographic directions <110>, <011>, and <101>, where sodium atoms are located. (Figure 2(b) ) Sodium atoms occupy two different crystallographic positions. Na1 is bonded to six oxygens and one nitrogen, while Na2 is coordinated to nine oxygens. The local structures arounds the sodium atoms are irregular as shown in Figure 2 (c). The highly distorted environment of the sodium atoms in Na 2 Mg 2 (PO 3 ) 3 N is consistent with the 23 Na MAS-NMR study performed previously. The ac conductivity values plotted against reciprocal temperature shows that the relation between specific conductivity and temperature is given by the Arrhenius expression in the form: log σT = log σ o − E a /RT, where E a is the activation energy involved in the transport process, σ o is a constant, and T is the absolute temperature. The good linearity observed in Figure 3(b) reflects the hopping motions of the sodium ions. 16 The activation energy, 0.78 eV and the ionic conductivity (8.2 × 10 −6 S cm −1 at ~440 o C) for Na 2 Mg 2 (PO 3 ) 3 N are comparable to that for a gallia-rutile intergrowths type sodium ion conductor, Na 0.7 Ga 4.7 Ti 0.3 O 8 (E a = 0.75 eV, σ = 1.0 × 10
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In conclusion, it was found by means of Rietveld analysis and bond valence sum calculation that Na 2 Mg 2 (PO 3 ) 3 N has a three dimensional network structure consisting of (PO 3 ) 3 N groups bridged by magnesium and sodium atoms. The structure contains tunnels along the <110>, <011>, and <101> directions in which the Na + ions are located. The open framework of the title compound and the location of the sodium ions in its large tunnels make it a possible candidate for ionic conductivity. Although the ionic conductivity of Na 2 Mg 2 (PO 3 ) 3 N is still 2-3 orders of magnitude lower than NASICON-type fast ion conductors such as NaM 2 (PO 4 ) 3 (M = Ti, Zr), 18, 19 the results of this study indicate the opportunity for additional investigations in order to explore new ionic conductor with high performance.
Experimentals
A polycrystalline sample of Na 2 Mg 2 (PO 3 ) 3 N was prepared by mixing a 2:2:1 molar ratio of NaPO 3 (Sigma Adrich, 99.9%), MgO (Sigma Adrich, 99.9%), and NH 4 H 2 PO 4 (Sigma Adrich, 99.9%). The reaction mixture was loaded to an alumina crucible and heated at 1073 K for 12 h under ammonia gas flow (flow rate = 30 mL/min) in a tube furnace.
Phase purity and structure of the final product were characterized by a powder X-ray diffraction analysis with Cu Kα radiation (λ = 1.5405 Å) on a Rigaku DMAX-2200PC X-ray diffractometer. A graphite monochromator was used for diffracted beams. A step scan mode was adopted in the 2θ range of 10-100° with a scanning step of 0.02 o and a sampling time of 5 secods at the condition of 40 kV and 30 mA.
The composition of sample was confirmed with energydispersive X-ray analysis (JEOL JSM-5600 scanning electron microscope fitted with a Be window detector, Oxford Instrument). The ratio of atoms was matched with the nominal composition within the experimental error range (within 5% for cations and 10% for anions).
The sodium ionic conductivity measurement was performed using ac inpedance spectroscopy in the range 5 Hz-13 MHz (Hewlett Packard 4192A Impedance Analyzer). For the measurement, as-prepared Na 2 Mg 2 (PO 3 )N sample was well ground and pressed into pellets with 12.5 mm diameter and 1.0 mm thickness. The pellets were re-heated for 6 h at 1073 K under ammonia gas flow. Sodium ion blocking electrodes were attached to the pellets using Ag paste and 
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the pellets fired at 473 K for 1 day, to give electrical contact between sample and electrode. The sample was equilibrated for 1-2 h and then, measured three times at each temperature. The conductivity is determined using σ = (d/A)/R, where d is the film thickness, A the area of the metal contact, and R the film resistance determined from the complex impedance plots.
